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(54) POWDER METALLURGY APPARATUS AND PROCESS USING ELECTROSTATIC DIE WALL LUBRICATION 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a metal composite part having high final density in environmental safety by frictional— 
electrically charging a lubricant to a specific electric charge- mass ratio and electrostatically attracting it to the surface of a die wall. 
SOLUTION: A lubricant is frictional— electrically charged to an electric charge— mass ratio higher than 0.2 //C/g, and the resultant 
charged lubricant is electrostatically attracted to the surface of a die wall specifying a cavity. This cavity is filled with a metal powder 
composition, and this metal powder composition is compacted to manufacture an unsintered green compact. Because the 
environmental danger due to the use of a dispersed dry lubricant containing volatile solvent can be removed and the necessity of the 
incorporation of internal lubricant can be obviated, the metal composite part having high final density and strength can be obtained. 
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(57) [^^] 

[SJHJS1 ^5fe^#f^^c^^r^^F^ij^^^3^:^-f-^>. 
3£^g ^ r^t^^^c 4^ -eEE*g-r ^ ^ «t ^» co-e#> 9 . 



( 2 ) 

1 

mltB^m U^^^U^rmJfB^-r ^Itife® Jaffna J^cidi # 

i te^fe^^ fe, 

[fi*JS4 ] #&50— -300 °C<7)^.^T?m^g^tT 5> iff3*c*E 
1 — 3 ^i^-T^;^ 1 -eg t CI ?B*fe <7)^ ££ 0 

iff. xKy h^^^^um^-^^, ^ H^^^^ ^ 

*feo 

^ si*r £ ^5 >r rs: i mm^^m 0 30 

im>&m l l 1 30 g/cm 3 J: 

^^^w-r^>t»>RiHiofs«cco^-fe 0 40 

im^m 1 2 ] 000 MPa i <9^#V^ 

^^^^ ^ w-r ^ sw^ih 1 omm^^fm 0 

^^mm^ id u /d vfi mmm. ^ tuts ^ -r tr^-Y «=p 
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^-r mmmmm^^m ^ -tr- ^ ^ ^m^m^^^m^ 
m^m^^td^m u/dYf^m^w^r mjte^-r ^-v try- , Y ^ 

[000 1 1 
[0002] 

etal composite part) ^Maa"t-?)/c^(Z)#H»*(D|±ffi 
^^JEE^^ (green compact) ^^5^U. ^V^T^tL^r^ 

MC^/ifetd ^m%£^Ym.-^-&0l< Cl ^ ^ m^lJ (lubricant) 

[o o o 3] spm^j^ffl f^^c^j ^b-r. d^t{^ 

?®fffl?#^U^^Jp^^<?5^^ (clumping) ^r-fjeiS ^r^X{31 
^^S»*ifl^t) ^ t^-a ^ ^ § r h cn> l -ocT)^ 

btis -o^rn^ ^ mm & mba u & **^> ^ # ^ 

[ O O O 4 ] ^JR^^m^^J <=P ^rt^'M^^ ^ -^r^ 

miz.mm-rz> zl zitz.M'Pisris-r:^^ n^^<^m 



( 3 ) 
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[ O O O 5 ] 

^#fcofeSSco^^^U^;£iJ^^^;5£/3g ^-^^^4^ 

mm^Mtt&m^-r s tzi v^o^^m &mm-r s - ^ -e&> io 

So 

[ o o o 6 ] ^mmcr> *i 5> i -^>co g i^jf3_ ^m£&*&a/3c 
i^j ^ F^j^fsm^u ^r^-^r £ -yr s ^m&mm-r s ^mm^^ 

CO%l}CO mfrjte, 7.30 g/em" J: 9 ^ V ^^it ^^-T 

s ^M^^w^Mi£-r s &><7>jjte&mm-r s ^ t-e 
3Sr#tnhs ^ <t -cfeSo 

[ O O O 7 ] 20 

[SIIJIS^^^-rS 7^#>c0^.ff£] ^^b^i^^Offi 

— rt-C^M^*a^ti»ffit§, ^^t^fefc: J: S^M 
-ttS ^ £ ^^m^U^^ffi-i-^) n hi t!>s-C# Sco~c. ^: 

mmtemm&ji-^^-i?$>z> 0 30 

[00 os] ^ti^rog^ii^ «b4^. mm^r^i^^'^m 
mwow^mm-r s tcl c^mm ^mm-r s ^mm^ x ^ m 

^ ±^l2g$^5 mmi-^milL (reversing poten 

tiai) ^^^st^#>co^m£^^2> 0 -rom^^j: 9 . m 

m Lfctirf^K £ *&3*c?£^ ^-r co ^ £e n s m^^J 5 i 

T^^fe CSo 

[0 0 0 9] J; «9 Jtrf*:&*JtCte: N Ig^ffiJdJz 9 

y#^u ^ t^m m\-mm ^--^ tr^ ^ ^^js^ v *m^; 

[O O 1 O] £ U co 4^ V ^ "C f i± . ^^£^43:. HlgB^ 

m t^mm & mm&D i^mm u . ^-r ^-^ tr^-r 
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So 

[OO 1 1] _bfBcO[?5T^Jcofig^l4ei^V^-C. -V tf ^ 

-r &Tjt&m&jfcmi&yDte&m&zwg<7>wi^7oo ° f ^ -ceo 
m^i^^-mtium-r ^ ^ t -e # ^ o ^ ^ 4d_hfscojr^^-co 

j: «9 f^m^tl4-^fl;^-yr^> 31 h ^s-e^r^> o ^ ^43BUco^g^ 
4r ioV ^-Cf^i. ^^f^fii. ^-T ^r-v tr^" -f ?rlrt6 

u -c . m co v#^u m*m m u ^ -r ^ -*?&m u 

7^. m^U ^r-^- ^ ^ V ^^M^3^m^c^co^S&ii^g^iEfe^. 
^Lt>^F^^m^.F^^L-^cOfffii^^^^ U-C. co 5 

^m^^^7^hb^^M^^m^^cojE^^^^^r^:-r- 0 
0 2^, m^U^r^m^J^^^ t/c^V ^-rrco. cr>M. 

-Ceo. cDScDrt^tM^rl^ U7^^^^*m^c4^)co 

jEE^gco^^,^^^^^ ^*-r 0 

co^^g-c^-r coigns 4dt#-m&<j 4^ m^j^^^o z> 

£Kjfdf3:. m^riJf^:. rfiH?i^V 7^ f^: S <*r^^- co ^ 7- 

vv^co^sM-ct^«6t)fci^^m^^L^) 0 ^^u<f^. mw- 

-Fcoi^--r ^^r^r-r So 
[o o 1 4] Y^^j^^T^f^H^^^-^fl^m^f^^m^ 

f^. ^i£-r s ^m*^^- \- x <o mm^rLZ>m&m3\jj (image 
force) t^x <o mmmi^i^^gr^^ri^ $tis 0 

Hit^iXJ&L^^Vm^ 4^^^-Ctr#. M^ffico^-cco^^^r 
WtSr ^r^Tffe^-rSo 5fe4r^^ U 7^^^-_h43i^^ 

v^7^v^^vz:4^^r ^-yrs^r^i^fcs co-c. mmte-&3— hL /«£ 

So 

[O O 1 5] ^^^4ci^<^-C7HV#^m ; Srf^m^tl4^m^fJ-r 
S^4^iiL7t^gii, ^U^-f^J^^co^Pta. HP^liilf*:^ 7^ 
fi^f* MiJ §r pf^-t ^> ft o y pC^u, y ^:VL-co~F4^gaS 

«^^^-?>o _bfeco^S43:^oV^-c. r#^Uf^:y ^Vt^jbR^ 



5 

m&ti^ mmjzfm^tt^ ^ ^ ^> 0 -<r> hii* ^-r i-zmm is 

[o o i e] ^mmi^fe^^mm&i^mm^^ z>mm 
m^ie^M^f^ ^ ^ ^-r comm^mi^ ts*^z>x 

~^f^ y ^f>, ^ ^ -7 -r ^ h . mit,-^^jf 

t^>-\ & zjt^m& O^eE V ^ ^ /j^ a" ^£ ^> „ 

wax@^S1i) ^Fgf^^dJ^ 0 Lonza Corp. i «9 TfTIK £ 20 
[ O O 1 7 ] a^-T ^>^Y*:v#^U U-Ci^:. ^Y^id^SS: U7b 

m^Ui^:^-— ^5>r#^U^ L."C^ffl"C # „ */c2TO±om 

co m^zt zj^rnm mm ^mm sn,z> -e^^ 30 

[ o o 1 s ] m^u^rf^«6tpici^v commm^mm-r&ni 

< (iTribogun (^^f^^) iZ. <£. V mm £ *VZ> S ^ 

^^^i3kn^^^^ 0 m mmm^ & ^zmttm -c mm u-c 

^ Freon(l»^) ^^m^m^T^m (E.I. DuPo 40 

nt de Nemours & Co. CD^Wd ^^RCD^CO hi U-C£fc£±5 U 

^> 0 i> t^^Ay, p/m ^f^i-^^^-^tsr^ /^v^ ^ y^mrn 
[o o i 9] ^mm^i^m-f-^>^m^^m^^)comm so 
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Quebec, Canada <DQuebec Metal Powder Limi ted (QM 

p) ^ <t d ^ tLT v > Atomet c^tmmwj 

$oz> 0 mm&D^mi^t^tem^r&m^H^ l.-c^. qmp i^x 

V Mat^tLTV^Atomet (^^f^^) 1001. 1001 HP _ 
4201. 4401. ^XJ^AGOl^m^-f ^^L^> 0 &m%£^& — fi9t&J 
{df^/^J300 ^ & C2 ^^m^ < {^1^212 51 ^ C2 

^<^^^:^^^-r x^^t^o &m*&^te. ^j^Lf^^ia 

^f^^3, 846, 126 ^§-. ^g3, 988, 524 ^g4, 062, 678 

^4,834,800 -P§-Jg^Sg5, 069, 714 ^-fCI ^B^: £ 1/ ^ 

-^ft^>r. hi /jS-c^ <5 -C ^ 5>o 

[ o o 2 o ] u< (3:. ^mMi^m^i^mmm^mm^ 

Teflon^^. — ^^iS "C ^/=SLs< ~y ±l & 1® jjS ^ -lir <3 d <t: id 

<±: *9 <±: 5> i^mm^^^ d ^ /js-e^: ^ 0 mmm^i^x 

<0 ^frhtzLmMtO-miST — WMLkt (charge-to-mass rati 

o){3:0. 2 ^C/g JLU_b. — ^(cii^O. 6 u C/g i ^)^< 

— d ^ (d «9 «u^-r^d 

^ /js-e^ ^ o L.7^m^c^^M*{^. ^t^^ ° — 

id J: »9 lmgco^^-C^*-r^> d <t: iciJ: t9 ^^,(ci?lij^-e# 

^>o ) 

[ o o 2 i ] j^mm^.mzri^^^x^^mzri^^^^tsi^ 

1/^*3:^30—60 tsi ( h ^/ 2p^--r ^/i^7^ C^^J 

50—300 °c^7U^(d*DV^"C^T 5> d^/>s-e# % vsm-y^^ 

{3:^15—60 tsic7)jr£^^0^15— 50 o CcOfU^td joV^-Ctr 

5 d hi ^ 0 ^^^^^^^r^^^r-r \=r^^r^^m 

looo— i300°cco^^tci*Di/^-c. io— 60^p^^rx -5 0 



( 

7 

-^-tCl^^^^L^i^cT)^ «t 5 ^^mr^^^j^-. 1993^5^ 

zT u^na^^?£, 1993^ 5^140 tHJift^. fWl l^lgi^: 
A-^SSl^^^T^^^^M^^^S^f^mMM^os/oeo, 965 

^ ( d ^ >r^ ax tc ^ o) a-) x. 5 ^mm^mttmr&mm-r&T^. 
m^r^tti^, mm\^-£. <o . 7. 30 g/cm 3 x <o sv^«g 

^O^sfc/d {3:2000 MPaJ; 9 i^V ^££3£^£r5^/*£ U*#^o 

-m^m ^tlTt/^O. 75SM% (C>FfJ;tLT)0.1~0.4 

% . £?^L.< {3:0.2 ~0. 3 M*% (T>^-—^ — cT^^ft^F^ 

[ O O 2 3 ] 

mmm 1 
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^^80 0 C(7)^{^P|^L V Atomet C^mmm) 4401 + 
1. 0% Cu + 2. 2% Ni + 0. 7% C ^^M^^&BJ^c^^r^te*^ 
-#-^>o #Cid. ^ 250 °C {^lij^ L ^ ^ ^ n 30. 4 

0. 50^t^60 tsi(7)E^T:\ ^-f «=p ^^M)f^^*J§j3c4£> £r 

10 -T^> 0 d<7)J; ^ fd L.-C^^^^L/ciJE^^^^'^' 

^-tt. 1 1 2o°c co^m-<s2^m m%£-f- & o f-sw ^ *-b^mfrf^ 
^^^*J^;&m5^m:£^ 1 id^-r 0 

[ O O 2 4 ] 1 

^mm^mtfzmrp 1^0. 5%^^t y ^ g£ ?#^J £r 

-a- i^/ci r. . ^-r fd mm ^ f £® ^ id L/^oti 

1 (31^ 50 tsi{d:fe^ ^/E^^^^^^^t^ 
*i£^4#'h£^^ 1 t^TT^-To 
[ O O 2 5 ] 
20 1 ] 

^ 1 



m^m^^mm^rht^^-^ m 0.5% z n st 



J^-%mJ^-Jj ^ tsi 50 50 

^c^^^J^. psi 7900 4400 

Mff^r^^, g/cm 3 7. 32 7. 30 

53^. HRC 31 34 

-&mm^(^m^^^t^i^M-r^%) +0.15 -0.02 

'&E%£3&gE. MPa 2,250 1,810 



^-Tr ^M^^-a^^^rBE^-r^ d_ <>r {d J; 9 mm U7d. 

<t ^. o. 5%^^t- y ^m^§&&rm.^ \^t^&mmtici&)&m 
«9 mm bfc^M^^w^^ < ^^>o 

[ O O 2 6 ] g^jfa^ij 2 
l^^S^r^-r^»^:^^^^-r id. Acrawax 

ogun^fClR^^riAti'^ ct: {CI J: D . Acrawax Y#^'J f^-ffif^J id 

r^m^^>o ^^^mmi^^r^-f mmm±Li^mm l.. Atom 

^±^£-^ <5„ ^Cid. 30 tsi. 40 tsi. ^.t^50 tsiCDj^Jj 
^^<^^^r(gl i i^^-r o 

[ o o 2 7 ] ktmm 2 

^rM^^fl^^^PidO. 4%^^7- y ^ g£ y#^U ^ 



m ^-r id r#^u^rf^m^) id i_/^75^/d cz. Jix^i^ 
^jfe^ij 2 idfa*feu/d^^^r^^rdo m^rLt^j^mmmm 

&m 1 idi^-r o 1 ^g£BS-T ^ ct: . Acrawax y#^U^f^ffi 

frb id pM^i^/d^-r' cp-e^M^^-a^c^^^Pfl^i-^-r^) 
id i9 mm ^ rLt^^m^j^m^^^7. o —^7.5 g / 

cm 3 ^^Hl^^c^^^;^^-^ d.tT.i^Y#^lJ^^m^id 

l ^a^^ia^;^ ^ ^f H i y ^ ^ -r ^i^xv mm^s 

40 ti.rd^^^JE^M^idj: ^ m^^^me. 9 ~^7. 4 g/cm" 

[ O O 2 8 ] m 1 ^^fiS-T^) . Acrawax y#^U^ 

t^m&tJidP^^UT^^-r ^p-e^M^^tfi^c^^^ra^^^- 

-T^> d. id J: >9 Mit ^ tLyh^^Mffi Wfl, 30^r^40 t 

si-e. mm & tf-m^j i^mm l-cv^^v^ <=p -co. 4%<7? ^ 

-TZ> d. ct: idJ: S9 Mit ^ ^L/c*^ii^(3 «9 ffiv^ 
^mm^^S- &o U7b^. 50 tsiid^v^T:i^:t5n^j<o^^ 
^^f^i^^W^idfWl is-c^fe^> 0 

50 [ o o 2 9 ] mmm 3 



( 
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Atoraet (^m^WJ 1001 GO ^m%fi^Zm.J&<&0 & . 0.0. 0. 
2 4% Acrawax (^ii^^fl) C ^^=" ^ fcf ^ ^ 

X W ^ hi >3U * t^m-^r U „ -^r^fgSgffi^^^T* y ^ 

7^U,£U3:E] 3 J; 9 m ^ £ ^L-T*3 9 . rtLfiAcra 

wax(g«e) C ^"^^ LT 
^5^^^b^>J!£^f^C^^^^^^^. O. 2 ^^0.4% Acraw 

ax c^m^ ^t^t^^m^^m^mco^m^^m x v 

[ O O 3 O ] ttimM 3 

m*co*&^mm (j^^t^f^. ^ ^ ^ ^ -r ^ 

Acrawax(l^^) C ^ X "7* U V =^ V J* ) 

£r . =2-T/KcL/c80 cm Teflon (3££^P&i£fQ ^ ^ — 
^f^^-e^^L. *£)75 kP GOJ^JjGO^m.comtti U{d<£ t> 
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[ o o 3 i ] 2 ^z>o>~r/\s ^ — ^ y ^ ^ — t U/U 

^f^J&^^tK 2 <5(75 i> y — £r 1 . 3 cm<73 — ^ 

«9 . irffiT'l. 3 cm^O<3. 5 cm^^^-V fx "^1$ 
LTV^ D ^--Y tT^-f <7S>^MPUJEiC^te:l2 cm -Cfco7h 0 ^ 
!§£^-f (73^10 cm Jr.^Teflon (J^^fS^) — :7 ^ fb 

^mmw^tij^tL^ <t: o izl ut^^. intern 

10 f£fi*^ /ci 0 

[O O 3 2] ^rrh^frhCOmMl^^^ ^TW®#-M4i:b 
^a:^£r^^ ^x °-/K^^i6 ^tb/-c^(7)Wfi 

^^F^.MU^^^-efe-^7^ 0 Acrawax(gitS^) ^O^X 

7- y ^-i£y ^-^^^^{^r^J^-^ tK^i;t/-- 0 ^2 

f;£ N Acrawax(g^^l) ^ t' (3: J*. X 7* V V ^ CO 

20 -f a 

[ O O 3 3 ] 

^ 2 



f£** Acrawax(^«^), M C/g ^ X 7" y l^m V ^ J>> , juC/ S 



1 ( + )2. 32 ( + ) 1. 50 

2 (+) 1. 89 ( + ) 0. 69 

3 (+)2. 52 (+) 1. 05 

4 (+) 2. 25 (+) 2. 40 

5 (+) 2. 42 (+) 1. 40 
(+)2. 28 (+)1.41 



[ o o 3 4 ] mmm 4 

ttmm 3 oom-^mf^moo^m^ £ ^{z.i&m-r m 
ttmm&f^c 00 com v ^gv^^ 0 m^^w^^-fn^p 

\-^r^c tp\^ttM^^:t^ 0 mm^tz.mMco^^ tpcottm^ 

r)fmi^^Ml^3l L:. go 1 o<7)^ffii:(cmitL7t»J 

ig cottmmcow-wmm^co^f&m 
to^t^-e^. i^tcmmtef^c co w im mco^immmi^ 
Go^ttM\^*^ 0 ^mm&¥f7£com-i£ ^^mm^mm u-r 

5 o ^3^^«_ ^mmcom^^zjz%fo\mf*ico^rmcomi&&L 



zzz^akmco^~cte^ ttt*m^com\mi^mm^*^t-^3gm 

00^ comcof^^mm^Y^^i^t'^mm^m^^co)^ 

[El 3] El 3^. y#^u^f^m&b{^pM^ ^-y ^-e 
(7). comcottgvmm&ms- \^t=.^mm^m^mco& 
mco^m^m%&3mg£&^-?- 0 
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"g. 5000 - 
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Q 4000 

fig 
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0.2% ACRAWAX C 
Oy4% ACRAWAX C 
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